TNFRSF6B overexpression in tumors is a novel predictor for poor prognosis in various cancers; however, whether TNFRSF6B could be expressed in kidney tissues of patients with chronic kidney disease is unknown. Current established risk factors cannot fully predict the progression of chronic kidney disease, and, therefore, it is mandatory to develop a newer marker for predicting disease progression. We conducted a prospective cohort study comprised 167 patients with chronic kidney disease undergoing renal biopsy at a tertiary hospital with median follow-up of 30.5 months. Computer-assisted quantitative immunohistochemical staining analysis of TNFRSF6B in kidney tissues, the expression of a-smooth muscle actin and percentage of fibrosis in renal interstitium, estimated glomerular filtration rate, and urinary protein excretion rate were investigated. Study endpoint was a doubling of serum creatinine and/or end-stage renal failure requiring renal replacement therapy. We found that TNFRSF6B was predominantly expressed in the tubular epithelial cells of renal cortex. The higher the expression of TNFRSF6B, the more the expression of a-smooth muscle actin and fibrosis in interstitium (Po0.001). Forty patients reaching endpoint had lower baseline estimated glomerular filtration rate and higher expression of TNFRSF6B in renal tubular epithelial cells. Multivariate Cox regression analysis showed that high expression of TNFRSF6B independently predicted the risk toward the renal endpoint with a hazard ratio of 3.46 (95% confidence interval (CI) 1.76-6.80, Po0.001) by adjusting for clinical and pathologic variables. While added to a model of estimated glomerular filtration rate, proteinuria and other conventional risk factors, TNFRSF6B further significantly improved the model predictability for progression of chronic kidney disease (area under the curve, 0.82). In conclusion, TNFRSF6B is associated with renal fibrosis and high expression of TNFRSF6B is a novel biomarker for predicting the progression of chronic kidney disease. Modern Pathology (2013) 26, 984-994;
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TNFRSF6B (also known as decoy receptor 3) belongs to the tumor necrosis factor receptor family, but lacks transmembrane and cytoplasmic domains in its sequence. 8 TNFRSF6B could act as decoy receptor to neutralize the proapoptotic effects of Fas ligand, LIGHT, and tumor necrosis factorlike molecule 1A by blocking the interaction with their respective receptors and evading immune surveillance. [8] [9] [10] Overexpression of TNFRSF6B, originally found in lung and colon cancers and virus-associated lymphoma, is capable of protecting cancer cells against apoptosis. 11 Mounting evidences have shown that TNFRSF6B overexpression is a novel tissue biomarker for predicting tumor invasion and worsening of various chronic inflammatory diseases. 11 Serum TNFRSF6B level is markedly elevated in patients with chronic kidney disease, 12 and our recent study has shown that serum TNFRSF6B is an inflammatory biomarker and associates with mortality in hemodialysis patients. 13 In human tissues, TNFRSF6B is normally expressed in the colon, stomach, spleen, lymph nodes, and lung but not in kidneys. 8, 14 Till now, the expression of TNFRSF6B in kidney tissues of patients with chronic kidney disease and its pathophysiologic role in human kidney disease have never been well studied.
Tubulointerstitial fibrosis is the ultimate common pathway of chronic kidney disease irrespective of the original etiologies. 15 Interstitial fibroblasts are currently considered the principal effector cells responsible for renal fibrosis. 16 Fibroblasts in response to initial insults should be eliminated by apoptosis in later stages of wound healing physiologically. Otherwise, excessive deposition of extracellular matrix supervenes and leads to eventual renal fibrosis. 17 Anti-apoptotic effect of TNFRSF6B has been shown to decrease elimination of rheumatoid synovial fibroblasts by blocking the interaction with Fas ligand. 18 Fas is normally expressed in human renal interstitial fibroblasts 19 and we hypothesize that TNFRSF6B could involve in the renal fibrogenesis. Therefore, it prompts us to investigate whether TNFRSF6B is pathologically expressed in the kidney tissues of patients with chronic kidney disease, and to appraise whether expression of TNFRSF6B in kidneys is a newer tissue biomarker for prediction of disease progression.
Materials and methods

Study Population
From January 2005 to March 2008, we enrolled 167 consecutive adult patients undergoing percutaneous needle kidney biopsy for nephrotic syndrome, nephritis, or unexplained renal failure at Taipei Veterans General Hospital. Recruited patients had age of 420 years and had one or more reasons for renal biopsy, such as cellular casts in urine for 43 months, daily protein excretion rate of 41 gm for 43 months, or kidney injury of unknown origin and not due to prerenal azotemia, nephrotoxic agents, septicemia, or local kidney infections, or urinary tract obstruction. Exclusion criteria were dialysis patients or renal transplant recipients, active malignancy, rare kidney diseases including Alport's syndrome, lipoprotein glomerulopathy, thin basement membrane disease and immunotactoid glomerulopathy, insufficient specimen amount of biopsy, and lacked informed consents. Sixty patients were lost to follow-up and withdrew from the study because they moved away or were not referred by their physicians for follow-up visits in the kidney unit. Finally, a total of 107 patients from baseline cohort could be assessed the follow-up till May 2009. Control groups comprised six subjects receiving nephrectomy for localized circumscribed kidney tumor, with normal renal function and no other significant comorbidities. Normal renal tissue was obtained from the uninvolved pole of the removed kidneys. The study was approved by the Committee on Human Research of Taipei Veterans General Hospital. Written informed consent was obtained from each of the enrolled study patients and control subjects.
Baseline renal function tests, urine protein excretion rate, and demographic data including age, sex, smoking status, comorbidities, and medications were recorded at the time of biopsy. Renal function tests were regularly checked in follow-up visits in the kidney unit. All patients were enrolled by one physician to minimize interobserver variations. This was complemented by clinical assessment of body weight, body mass index, blood pressure, and fasting blood glucose. Diabetes was diagnosed on the basis of the World Health Organization criteria. Hypertension was defined as blood pressure 4140/90 mm Hg and/or the use of antihypertensive medication. Antihypertensive drugs were taken by 78 (73%) patients: angiotensin-converting enzyme inhibitors and/or angiotensin-II receptor blockers (n ¼ 69), calcium channel blockers (n ¼ 49), b-receptor blockers (n ¼ 30), and a-1 receptor blockers (n ¼ 11).
Histopathology
Formalin-fixed, paraffin-embedded kidney biopsy specimens of 107 patients and normal kidney tissues of six control subjects were sectioned in 4 mm and stained with hematoxylin and eosin for histological examination. To determine the percentage of interstitial fibrosis, sections were stained with a Masson's trichrome kit (Accustain, SigmaAldrich, St Louis, MO, USA) according to the manufacturer's instructions. The percentage of global obsolescence of glomeruli and the severity of tubulointerstitial injury were examined under 20 randomly selected high-power fields ( Â 400). Glomerulosclerosis was determined using a percentage of glomeruli expressing global or segmental sclerosis. Tubular damage, fibrosis and inflammatory cell infiltration in cortical interstitium were graded by a scoring system from 0 to 4 (0, no changes; 1, changes affecting o25%; 2, changes affecting 25-50%; 3, changes affecting 50-75%; and 4, changes affecting 475% of the cortical parenchyma) as previously described. 20, 21 All sections were analyzed by a pathologist (AHY) unaware of the clinical and laboratory data.
Immunohistochemistry
Consecutive parallel sections from all patients and control subjects were stained with mouse monoclonal antibodies directly against human TNFRSF6B (diluted 1:20; BioLegend, San Diego, CA, USA), and a-smooth muscle actin (diluted 1:500; DakoCytomation, Glostrup, Denmark). Immunohistochemical staining was performed as previously described. 21 Briefly, after deparaffinization and rehydration, 4-mm sections were subjected to heat antigen retrieval in a microwave oven (650 W, 12 min) in 10 mM sodium citrate (pH 6.0), after which endogenous peroxidase activity was blocked by 3% hydrogen peroxide. Thereafter, tissue sections were incubated with the primary antibodies at 4 1C overnight and then with secondary antibody (Envision þ Dual Link System-HRP, DakoCytomation) for 30 min at room temperature. Signals were developed with 3-amino-9-ethyl carbazole (DakoCytomation) for 10 min and counterstained with hematoxylin. The primary antibody was replaced by isotype-matched antibody with constant all other experimental conditions as a negative control. Staining of each study sample was compared with the staining of control slides (the same control subject) on that run to circumvent run-to-run variation of staining intensity.
Cytoplasmic staining for TNFRSF6B and peritubular interstitial staining for a-smooth muscle actin were defined as positive staining. Computerassisted quantitative analysis (Image Pro Plus 6.0, MediaCybernetics, SilverSpring, MD, USA) was performed as previously described. 22 Briefly, 5 glomeruli and 20 randomly selected nonoverlapping high-power fields of each renal cortical section were captured by a PROVIS AX80 microscope (Olympus, Tokyo, Japan) equipped with a 12-bit RETIGA 1300 digital camera (QImaging, Burnaby, Canada). The captured images were then analyzed by Image Pro Plus software. To eliminate variation, lighting intensity and optical setting of the microscope during image capturing were kept constant on any given day. The intensity at the blank area of slides and the intensity while the light was off were used as maximal incident light level and black level for calibration of optical density, respectively. Two color segmentations, one identified immunopositive red cells and the other recognized blue background cells, were then applied. Integrated optical density was calculated as the intensity of red pixels multiplied by their pixel area. Glomerulus and tubulointerstitium were analyzed separately.
Quantitative immunohistochemical staining value was calculated as the integrated optical density divided by total area occupied by the red and blue cells in each slide. Arterioles, which indigenously expressed a-smooth muscle actin, were not included in the quantification (Supplementary Figure S2) .
Laboratory Measurements
Laboratory measurements were made on 12-h fasting venous blood samples before kidney biopsy. Creatinine, albumin, cholesterol and triglyceride in serum were measured with a Hitachi autoanalyzer 736-60 (Hitachi Ltd, Tokyo, Japan). Serum high-sensitivity C-reactive protein was measured by an immunoturbidimetric assay using a rate nephelometry (Beckman, Galway, Ireland). Urine protein excretion rate was determined on 24-h urine samples using an Olympus AU640 autoanalyzer (Olympus). Estimated glomerular filtration rate was calculated by the simplified modified diet for renal disease equation. 23 Prospective Follow-up Following the baseline investigations, patients were followed prospectively until the primary endpoint or the end of the observation period was reached. The primary endpoint was defined as doubling of baseline serum creatinine and/or end-stage renal failure requiring renal replacement therapy.
Statistical Analysis
Descriptive statistics included mean values ± s.d. for continuous data and percentages for categorical data. The values for serum creatinine, estimated glomerular filtration rate, urine protein excretion rate, high-sensitivity C-reactive protein, and percentage of global obsolescence of glomeruli were not normally distributed and were expressed as medians with the interquartile ranges. For between-twogroup comparisons, the Student's t-test was used for normally distributed data and the Mann-Whitney rank sum test for data with a non-normal distribution. Categorical variables were compared using Pearson w 2 -test. Receiver operating characteristics analysis was used to find the optimal cutoff value of TNFRSF6B quantitative immunohistochemical staining value for identifying the progression to renal endpoint, and to calculate the area under the curve for the predictors. To assess discrimination ability, c statistic for model of conventional risk factors, including age, sex, smoking status, diabetes, body mass index, systolic blood pressure, and total cholesterol (base model), then with stepwise addition of urine protein, estimated glomerular filtration rate and TNFRSF6B quantitative immunohistochemical staining value (newer biomarker model) was calculated for prediction of progression 
Results
Baseline Characteristics of Patients
Initially, we enrolled 167 patients with chronic kidney disease in the prospective cohort study. Sixty patients withdrew from the study because they were lost to follow-up. They did not differ significantly with respect to age, gender, and renal function at baseline as compared with those who completed the study. The median follow-up after completion of the baseline investigation was 30.5 (interquartile range, 9.8 to 42.3) months. During the follow-up, there were 40 patients with progression to a renal end- Progressors and nonprogressors were similar with respect to age, gender distribution, percentage of smoking status, diabetes, hypertension, etiology of renal disease, immunosuppressive treatment, and urine protein excretion. Nonetheless, the progressors had significantly higher serum creatinine and the percentage of glomerular obsolescence, interstitial fibrosis and inflammation scores, as well as lower estimated glomerular filtration rate and serum albumin at baseline (Table 1) .
TNFRSF6B Predominantly Expressed in Renal Tubular Epithelial Cells
In kidney tissues of control subjects, TNFRSF6B immunoreactivity was undetectable (Figure 1a ). Among patients with chronic kidney disease, TNFRSF6B staining was predominantly in the tubular epithelial cells of renal cortex but not in the glomeruli, interstitium, vessels, or tubular cells of renal medulla (Figures 1c and e and Supplementary Figure S3 ). In patients with chronic kidney disease, computer-assisted quantitative immunohistochemical staining value of TNFRSF6B in the renal tubular epithelial cells was significantly higher than that in the glomeruli. In control subjects, however, quantitative immunohistochemical staining value of TNFRSF6B was relatively low as compared with chronic kidney disease patients, and showed no difference in both renal tubular epithelial cells and glomeruli (Figure 1g ).
Expression of TNFRSF6B Associated with the Tissue Markers of Renal Fibrosis
Optimal cutoff value of TNFRSF6B quantitative immunohistochemical staining value for predicting renal progression based on the receiver operating characteristics analysis was 0.1119 with the area under the curve of 0.64 (95% CI 0.54 to 0.73). The study patients were then stratified into two groups with high (n ¼ 31) and low (n ¼ 76) expression of TNFRSF6B in renal tubular epithelial cells (Figure 2b ). High TNFRSF6B expression group had significantly higher quantitative immunohistochemical staining value for a-smooth muscle actin (Figure 2c ) and percentage of interstitial fibrosis (Figure 2d ) than low TNFRSF6B expression group among patients with chronic kidney disease. However, between the two groups of chronic kidney disease patients, no significant differences were observed in demographic and laboratory data such as serum creatinine, albumin, cholesterol, triglyceride, high-sensitivity C-reactive protein, and urine protein excretion rate at baseline, interstitial inflammation scores, as well as the renal etiology, in terms of primary glomerulonephritis, tubulointerstitial nephritis, and systemic diseases with kidney involvement.
High TNFRSF6B Expression Independently Predicted Progression of Chronic Kidney Disease
Forty progressors had significantly higher quantitative immunohistochemical staining value of TNFRSF6B in the renal tubular epithelial cells than 67 nonprogressors (P ¼ 0.012; Figure 3a) . In the Kaplan-Meier curve of progression-free survival (Figure 3b) , patients with high TNFRSF6B expression had worse renal survival (Po0.001) and significantly shorter progression time compared with those with low expression: median time to progression 8.4 (interquartile range, 2.2 to 23.9) months compared with 16.5 (interquartile range, 6.1 to 33.4) months (Po0.001), respectively.
In age-and gender-adjusted Cox regression analysis (model 1, Table 2 ), high expressions of TNFRSF6B and a-smooth muscle actin, 425% of fibrosis and 450% of infiltrated inflammatory cells in interstitium, 450% of glomerular obsolescence, lower baseline estimated glomerular filtration rate and use of immunosuppressant therapy were strongly associated with progression to renal endpoint (all Po0.05). In multivariate regression analysis (model 2, Table 2 ), high TNFRSF6B expression in renal tubular epithelial cells independently had a higher risk toward disease progression with a hazard ratio of 3.46 (95% CI, 1.76-6.80, Po0.001) by adjusting for age, gender, and eleven other variables.
Quantitative Immunohistochemical Staining Value of TNFRSF6B Significantly Increases the Predictability for Chronic Kidney Disease Progression
To test discrimination ability, urine protein, estimated glomerular filtration rate and quantitative immunohistochemical staining value of TNFRSF6B were incorporated into the conventional risk factors (base model) for predicting chronic kidney disease progression ( Table 3 ). The c statistic of base model was 0.63. Adding urine protein to the base model only slightly increased c statistic to 0.64. With estimated glomerular filtration rate, urine protein, and conventional risk factors together in the model significantly increases the c statistic to 0.76. Addition of quantitative immunohistochemical staining value of TNFRSF6B to urine protein, estimated 
Discussion
This study, for the first time, showed that TNFRSF6B was pathologically expressed in the kidney tissue of patients with chronic kidney disease and not in that of subjects with normal kidney function. Elevated serum level of TNFRSF6B has been reported in patients with chronic kidney disease with indeterminate etiology. 12 Interestingly, we also observed that TNFRSF6B expression could be evoked by tumor necrosis factor-a in a dose-dependent manner in HK-2 cells, a human proximal tubular cell line, and attenuated by SP600125, PD9805, and PDTC, suggesting that the proinflammatory cytokine, tumor necrosis factor-a, participated in TNFRSF6B expression in renal proximal tubular epithelial cells (Supplementary Figure S1 ). Our data, therefore, do not support the notion that TNFRSF6B is filtered from the glomeruli and then engulfed into the renal tubular epithelial cells. In contrast, it is mainly due to the increased expression of TNFRSF6B in local renal tubular epithelial cells in response to renal inflammation characterized by the presence of proinflammatory cytokines in patients with chronic kidney disease.
In the present study, the most compelling finding is that high TNFRSF6B expression of renal tubular epithelial cells is a prognostic biomarker for progression of chronic kidney disease. The other significant prognostic factor is low estimated glomerular filtration rate at baseline. Although the prediction of progression by TNFRSF6B might be an effect of residual confounding by severity of kidney function, we have confirmed that the associations between high TNFRSF6B expression or low glomerular filtration rate with kidney disease progression are independent of each other (Table 2 ). Our findings imply that the individual relationship of TNFRSF6B expression in kidneys with progression of chronic kidney disease signifies unique pathophysiologic pathways, and is a marker of the different biological process from glomerular filtration rate. Glomerular filtration rate is currently the gold standard of the functional biomarkers in chronic kidney disease, but it only reflects impaired glomerular and tubular function and could not provide information regarding the underlying pathologic process in kidney disease progression. 25 Therefore, a newer biomarker for risk stratification to direct management of chronic kidney disease is warranted. Although combined urine protein, estimated glomerular filtration rate and other conventional risk factors has demonstrated acceptable discrimination (c statistic of 0.76), addition of TNFRSF6B further significantly improve the prediction ability for renal progression (c statistic of 0.82). Till now, no single marker can identify all patients at increased risks for progressive chronic kidney disease. Combination of several independent risk factors are proposed to better classify patients at higher probability for progression. 6 Our results showed that high TNFRSF6B expression in renal tubular epithelial cells could serve as a novel tissue marker and further improve predictability on the top of other established risk factors to predict progression of chronic kidney disease.
Cumulative evidence indicates that tubulointerstitial fibrosis is an ultimate common pathway of kidney diseases irrespective of the initial causes. 15, 16 Failure of clearance of the fibroblasts after resolution of the initial insults will lead to the persistence of renal fibrogenesis and the resultant tubulointerstitial fibrosis. 17 Human renal interstitial fibroblasts constitutively express Fas and are susceptible to Fas-induced apoptosis. 19 Hayashi et al 18 found that TNFRSF6B offers a survival benefit to synovial fibroblasts in terms of protection against cytotoxic and regulatory effects of Fas. In accordance with these findings, we also showed that TNFRSF6B could protect renal myofibroblasts against Fas-induced apoptosis (Supplementary Figure S1) . Taken collectively, high expression of TNFRSF6B in renal tubular epithelial cells associates with the increased amount of asmooth muscle actin-positive myofibroblasts and interstitial fibrosis probably through the survival advantage to neighboring interstitial myofibroblasts by blocking Fas-induced apoptosis. Some limitations should be noted in this study. First, there were no data regarding TNFRSF6B expression in the follow-up renal biopsy specimens. In clinical practice, repeated biopsy was rarely performed except for patients with renal transplantation. We provided the opportunity to figure out the prognosis from a single renal biopsy, which might better fit clinical practice. Second, sample size was relatively small in each subgroup of kidney disease entity. However, using the type of original kidney disease as a covariate in multivariate Cox regression analysis, we still showed the significant power of TNFRSF6B expression to predict progression of chronic kidney disease. Finally, serum TNFRSF6B level was not available in our study. TNFRSF6B in serum is nonspecific for its origins from kidneys or other organs, like lung, colon, spleen, and lymph nodes. 8, 14 In contrast, kidney biopsy remains crucial to accurately assess the expression site of TNFRSF6B, the extent of expression, and histopathology pattern in patients with chronic kidney disease. Therefore, TNFRSF6B expression in kidneys is superior to its serum level in link to the renal outcome.
In summary, TNFRSF6B expression in renal tubular epithelial cells is a novel tissue biomarker for predicting progression of chronic kidney disease. High TNFRSF6B expression in renal tubular epithelial cells is associated with increased myofibroblasts in renal interstitium, and might be a potential therapeutic target for renal fibrosis. Further studies are needed to elucidate the pathophysiologic role of TNFRSF6B in renal fibrogenesis.
